Relatively limited information about promoter structures in Corynebacferium glutamicum has been available until now. With the aim of isolating and characterizing such transcription initiation signals, random Sau3A fragments of C. glutamicum chromosomal DNA and of the corynebacterial phage $GAl were cloned into the promoter probe vector pEKplCm and selected for promoter activity by chloramphenicol resistance of transformed C. glutamicum cells. The nucleotide sequence of ten chromosomal and three phage fragments was determined and the transcriptional start (TS) sites were localized by primer extension analyses. Additionally, the promoters of five previously isolated C. glutamicum genes were cloned and mapped. All of the isolated promoters were also functional in the heterologous host Escherichia coli. A comparative analysis of the newly characterized promoter sequences together with published promoters from C. glutamicum revealed conserved sequences centred about 35 bp (ttGcca) and 10 bp (TA.aaT) upstream of the TS site. The position of these motifs and the motifs themselves are comparable to the -35 and -10 promoter consensus sequences of other Gram-positive and Gramnegative bacteria, indicating that they represent transcription initiation signals in C. glutamicum. However, the C. glutamicum consensus hexamer of the -35 region is much less conserved than in E coli, Bacillus, Lactobacillus and Streptococcus.
INTRODUCTION
The basic D N A sequence pattern of bacterial promoters recognized by the major RNA polymerase a-factors (e.g. a70 of Escbericbia coli or oA of Bacillus mbtilis) seems to be common to many bacterial species (Hawley & McClure, 1983; Lisser & Margalit, 1993; Pouwels & Leer, 1993; Haldenwang, 1995 ; Helmann, 1995) . The first proposal for a promoter consensus sequence was based on alignment and statistical evaluation of 46 E. coli promoter sequences (Rosenberg & Court, 1979) . This consensus sequence which is partially conserved in all a" and a* promoters comprises the two hexamers TTGaca and TAtaaT, separated by 17 f 1 bp and located about 35 bp and 10 bp, respectively, upstream of the transcriptional start (TS) site. The importance of these conserved -35 and -10 regions for the function of E. coli promoters was further confirmed by mutational analysis and by alignment of larger sets of promoters (e.g. position -43 relative to the TS site. The significance of these features was very recently corroborated by compilation and analysis of 236 B. subtilis oA-dependent promoter sequences (Helmann, 1995) . TG dinucleotides at position -15/ -14 and A + T-rich regions upstream of the -35 region were also observed in several promoters from E. coli (Galas e t a] ., 1985 ; Deuschle e t al., Belyaeva e t al., 1993) and from some other Grampositive bacteria, e.g. Lactobacillus and Streptococcus (Pouwels & Leer, 1993; van der Vossen e t al., 1987; Morrison & Jaurin, 1990; Matern e t al., 1994) .
Coyzebacterizim glutamimm is a Gram-positive, nonsporulating micro-organism known particularly as a producer of various amino acids. Although a variety of C. glzltamiczlm genes have been characterized (reviewed in Jetten & Sinskey, 1995) , knowledge on gene expression signals is still poor and the general structure of C. glutamicum promoters, i.e. a typical consensus sequence, has not as yet been defined. So far, the TS sites, and thus the promoter regions, of only a few C. glzitamiczim genes , 1994) . Some of these promoter regions display in their -10 region a 6 bp motif similar to the typical -10 consensus sequence of 070 and oA promoters. However, only one of the promoters, i.e. that of thefda gene (von der Osten e t al., 1989) , shows similarity to both the -10 and -35 consensus sequences and a proper distance of 18 bp between them. According to the few data available, it seemed that promoter sequences in C. glzztamiczm differ from those of E. coli or B. subtilis or at least display less conformity with the typical promoter consensus pattern common to both Gram-negative and Gram-positive bacteria.
In this study we isolated 18 promoters from C. glzitamiczim and four from the temperate corynephage #GA1 (Sonnen e t al., 1990) and mapped the respective TS sites. Then, using newly developed computer programs, we performed a comparative analysis of these promoter sequences together with the previously published ones to find a common pattern representing a corynebacterial promoter consensus sequence.
METHODS
Bacterial strains, plasmids and growth conditions. C. gltltamictlm wild-type (wt) (ATCC 13032), the restrictiondeficient C. gltltamiczrm R163 (Brabetz e t al., 1991) and E. coli DH5 (Hanahan, 1985) were used. For isolation of promoters, the promoter probe vector pEKplCm (Eikmanns e t al., 1991) was employed. This vector carries the kanamycin (Km) resistance gene and, downstream of the multiple cloning site (MCS), the promoterless cat gene with transcription terminators of the E. coli rmB operon. The region between the MCS and the reporter gene contains translational stop codons in all three reading frames followed by the native ribosomal binding site of the cat gene. Further plasmids used were p JC20 containing the d a p A and dapB genes (Cremer et al., 1990) , pBMl containing the ilvA gene (Mockel e t al., 1992), pKK5-5 containing the ilvC gene (Keilhauer et al., 1993) and pKK7 containing the gene for a putative membrane protein (ORFMP) from C. glzltamiczrm (PStek etal., 1994) . LB medium and 2 x TY medium (Sambrook etal., 1989) were used for cultivation of E. coli and C.gltltamictlm, respectively. When appropriate, Km (50 pg ml-l) was added to selective media. E. coli was grown aerobically at 37 "C, C. glzltamictlm at 30 "C.
DNA isolation and manipulation. Chromosomal DNA from C. glzltamiczlm was isolated as described previously (Eikmanns et al., 1994) . DNA from phage 4GA1 (Sonnen et a/., 1990) was kindly provided by H. Sonnen (TU Darmstadt). Plasmids from E. coli were isolated as described by Birnboim (1983) , those from C. glzltamictlm by the same method with prior incubation (1 h, 37 "C) of the cells with lysozyme (15 mg ml-'). E. coli was transformed by the CaC1, method (Sambrook et al., l989) , C. glzltamictlm by electroporation (Liebl et al., 1989) .
Restriction enzymes, T4 DNA ligase, I<lenow polymerase, proteinase K, DNase I, RNase A, RNasin and avian myeloblastosis virus (AMV) reverse transcriptase were obtained from Boehringer Mannheim or from Promega and used as instructed by the manufacturer.
DNA sequencing of the promoter fragments was done by the dideoxy chain termination method using the Sequenase 2.0 kit from USB Amersham Life Sciences. Primers were synthesized according to sequences of plasmid pEI<plCm adjacent to the MCS with the Gene Assembler Plus and chemicals from Pharmacia. Primer CmS (GGTGGTATATCCAGTGAT) covers positions +30 to +13 and primer CmR (CCGGACGCGCGCTCCATG) positions -11 7 to -100 relative to the translational start of the cat gene.
RNA isolation and primer extension analysis. Total RNA from C. gltltamicam was isolated as described previously (Eikmanns et al., 1994) . For primer extension analyses of the promoter fragments cloned in pEKplCm, the following primers were used: CmS (see above), Cm2 (TTGGCTGCAGGTCG-ACGG) covering positions -62 to -79, Cm3 (CGGCGGA-TTTGTCCTACT) covering positions + 39 to + 56 and Cm4 (GAAAATCTCGTCGAAGCTCG) covering positions + 21 to +40 relative to the translational start of the cat gene in plasmid pEI<plCm. For determination of the TS sites from the C. glzltamicum genes (dapB, d a p A , i l v A , ilvC and 0$44P) oligonucleotides complementary to the beginning of the individual genes were used as primers: 01-dapB (TCCGAGA-ACGCCAACCTTG), 02-dapB (CACGGCCTTTGGCTC-CG), 03-dapB (GCTGCCACAATAGTTTGAC), 01-dapA (TCCGTGAATGGAGTAACC), 02-dapA (CCGGTCTTA-GCTGTTAAAC), 01-ilvA (CACTCCTGGACTTTTCTC), 02-ilvA (AGCTCCGCTCCGCTAGCC), 0 1 -ilvC (CAGTTC-AATAGCCATGGG), 02-ilvC (GCCCCCCACTGTAAATC-GTG), 01-orfMP (GGGGTGCGGAGCGCGATC) and 0 2 -orfMP (GCCCCATGCGATTGTTAA). All TS sites were determined using at least two primers.
Primer extension reactions were carried out as described by Eikmanns e t al. (1994) using about 70 pg total RNA from C. glutamictlm, 20 pmol primer, [ c x -~~S I~A T P and 5 U AMV reverse transcriptase. The primer extension products and, for exact localization of the TS site, sequencing reactions performed with the same oligonucleotides used for the primer extensions were loaded and separated on a 6 % (w/v) polyacrylamide sequencing gel.
Enzyme assay and determination of MIC. To determine the chloramphenicol acetyltransferase (CAT) activity, C. glzrtamiczrm cells were grown in 60 ml medium to exponential growth phase, washed twice in TS buffer (50 mM Tris, 50 mM NaC1, pH 7) and resuspended in 2 ml TS buffer. Cells were disrupted by sonication as described by Bormann et al. (1992) and after centrifugation for 30 min at 4 "C and 13000g, the supernatant was used as cell extract. The protein concentration was determined by the biuret method (Gornall et al., 1949) . CAT activity was assayed photometrically at 412 nm and 37 "C as described by Shaw (1975) in 1 ml of a solution of 100 mM Tris/HCl buffer (pH 7.8), 1 mM 5,5'-dithiobis-2-nitrobenzoic acid, 0.1 mM acetyl CoA, and 0.25 mM chloramphenicol (Cm).
One unit of activity was defined as 1 pmol of Cm acetylated min-l.
The MIC of Cm on C. gltltamictlm and E. coli was determined on LB agar plates as described by Ozaki et al. (1984) .
Computer analysis. In general two methods have been used to search for a consensus pattern in a set of promoter sequences. In the first method the sequences are aligned according to the TS site or according to an arbitrarily chosen region (e.g. the -10 region) and the most frequent bases in each column are counted (Hawley & McClure, 1983; Graves 81 Rabinowitz, 1986) . The other method is based on the occurrence of a sequence motif, i.e. a k-letter pattern word, in a distinct region of sequences defined by the distance from the TS site (Galas e t al., 1985) . Since the sequence motifs sought may not occur in a completely conserved form, nor at a precise distance from the TS, two further parameters, W and m, must be set: W (window width) is the number of admitted consecutive columns to be examined at a time and m is the minimal number of matches taken into account.
In our analysis we employed both these methods and combined their results. At first, all promoter sequences were aligned from base -50 to + 10 with respect to the experimentally determined TS site. No prior assumptions about the significance of any sequence pattern or motif were made. In the procedure corresponding to the first method we developed and used the PROBAB program which, for a given number of sequences (q) examines the number of base occurrences n x (where x = A, C, G or T) in each column i (i = 1-60) of the alignment. As a measure of orderliness of a particular column the program calculates the probability of base distribution for each column in a set of given sequences ( P ) :
Local minimums of P within the alignment indicate regions in which the sequences under consideration are more correlated (similar) than in other parts of the alignment.
For the other approach to sequence analysis, we developed the PROMSCAN program. The strategy of this program is very similar to that described by Galas etal. (1985) and it identifies conserved sequence motifs : from all possible combinations of k bases, the algorithm localizes in each of the individual sequences a k-letter word (a sequence of k bases) for which the number of matches within the alignment of all sequences is maximal within a given window. The sum of the maximal numbers of matches over all the sequences is then considered as a measure of conservation of the k-letter word examined. The k-letter word with the highest number of matches is considered the k-letter pattern word. The measure of significance of the k-letter pattern words is given by the relative score S,,, which is the sum of matches in a given window related to its maximal value (at k = 6 and q = 33 the maximal value is 6 x 3 3 = 198). The PROBAB and PROMSCAN programs are available from M. Patek.
RESULTS

Cloning of promoter-carrying fragments from C. glutamicum and from phage #CAI
The promoter probe vector pEI<plCm was used for the cloning and identification of promoter-active DNA fragments from the chromosome of C. glutamicum and from the corynebacterial phage 4GA1. C. glutamicum cells harboring pEI<plCm were sensitive to Cm at > 2 pg ml-', indicating that no transcription from vector-borne promoters occurred.
Complete Sau3A digests of chromosomal DNA from wt C. glutamicum and of phage 4GA1 were ligated into the BamHI site of pEKplCm. The ligation mixtures were transformed into E. coli DH5 and transformants were selected on medium containing Km. About 10000 transformants of the ligation mixture containing C. glutamicum DNA and about 2000 of that containing 4GA1 DNA were pooled. Plasmids from both pools were isolated, transformed into C. glutamicum R163 and the Km-resistant transformants obtained were screened for Cm resistance by replica-plating onto medium containing Cm at 5 pg ml-'. Approximately 1 % of the transformants containing pEKplCm with C. glutamicum DNA and 5 % of those containing pEI<plCm with 4GA1 DNA grew on this medium, indicating that the fragments cloned in these C. glutamicum isolates contain functional promoters directing the transcription of the cat gene in pEI<plCm. Restriction analysis of plasmids from 20 Cm-resistant clones carrying pEKplCm with C. glutamicum DNA revealed insert sizes ranging from 70 bp to 600 bp. Plasmid analysis of 20 clones carrying pEKplCm with 4GA1 DNA revealed three types of inserts with sizes of about 100 bp, 200 bp and 250 bp, suggesting that we obtained three promotercarrying fragments from phage 4GA1.
Besides shotgun-cloning of promoter-active fragments from the wt C. glutamicum chromosome and from phage 4GA1, DNA fragments carrying the upstream regions of five previously sequenced C. glutamicum genes, dapA , dapB, ihA, iluC and orfMP, were cloned. For this purpose, the 0-7 kb PstI fragment (F-dapA) from plasmid pJC20, the 0-8 kb Bcll-Sall fragment (F-dapB) from plasmid pJC20, the 0-8 kb HindIII-BamH1 fragment (F-ilvA) from plasmid pBM1, the 0.8 kb SaA fragment (F-ilvC) from plasmid pKK5-5 and a 0-3 kb Sau3A fragment (F-orfMP) from plasmid pKK7 were ligated in the correct orientation into the MCS of pEKplCm and the resulting plasmids were introduced into C. glutamicum R163. All C. glutamicum transformants grew on medium containing Cm at 30 pg ml-', indicating that the fragments contained the promoters responsible for transcription of the respective genes.
The 10 smallest promoter fragments obtained by shotgun cloning from the C. glutamicum chromosome (designated F1, F2, F10, F13, F22, F34, F37, F45, F64 and F75) , the three promoter fragments obtained from phage 4GA1 (PF101, PF104 and PF109) and the five promoter fragments from the C. glutamiczlm genes (F-dapA, F-dapB, F- ilvA, F-ilvC and F-orfMP) were chosen for a more detailed analysis.
Assessment of promoter activity in C. glutamicum and Em coli
The relative strength of the cloned promoters was assessed by determining the MIC of Cm and by measuring the specific CAT activities in the different C. glzltamiczam clones. Whereas C. glzltamiczlm harbouring plasmid pEKplCm was inhibited by 2 pg Cm ml-' and showed no detectable CAT activity, all clones harbouring pEKplCm with promoter fragments displayed Cm resistance to > 30 pg ml-' and CAT activities of 0-04 to 1-7 U (mg protein)-' ( To test whether the cloned C. glzrtamiczlm promoters function in E. coli, the MICs of Cm were also determined for E. coli DH5 harboring pEI<plCm or its derivatives.
As shown in Table 1 , all plasmids containing promoter fragments conferred much higher Cm resistance to E. coli than plasmid pEKplCm. Although higher by a factor of 5-10, the relative MIC values obtained for the E. coli clones roughly correlated to those observed in C. glzltamiczam clones carrying the respective plasmids. Fragments F37, PF104, PF101, F45 and F-dapB conferred relatively high Cm resistance to both C. glzatamiczlm and E. d i , whereas fragments F13, F22, F2 and F-dapA led to relatively low levels of Cm resistance in both bacteria. The most conspicuous exception to this correlation is the promoter on fragment F64 which was relatively strong in C. glzttamiczlm but one of the weakest in E. coli. However, the results indicated that all fragments isolated from the C. glzatamiczlm chromosome and from phage 4GA1 contain promoters which were functional in both C. glzltamiczlm and E. coli.
Sequencing of promoter-carrying fragments and mapping of TS sites
The complete nucleotide sequences of the 13 shotguncloned promoter-carrying fragments were determined from both strands. The sizes of the fragments are given in Table 1 and promoter-relevant parts of the sequences, as deduced from primer extension analyses (see below), are shown in Fig. 1 .
To map the precise TS sites within the shotgun-cloned promoter fragments, total RNA was isolated from C. glzttamicztm clones containing the promoter-carrying plasmids and used for reverse transcription with the CmS, Cm2, Cm3 and/or Cm4 primers. For mapping the TS sites of dupA, dapB, i l v A , ilvC and urfMP, total RNA from wt C. glzttamicztm and gene-specific primers were used. In all cases at least one band was detected as primer extension product. As examples, the results of the experiments with fragments F2 and PF109, and of those with the genes urfiFfP and ilvC are shown in Fig. 2 . The nucleotide sequences of all promoters from nucleotide -50 to + 10 with respect to the TS site were designated P-1, P-2, P-13 and so on (according to F1, F2, F13 and so on) and are aligned in Fig. 1 . In the cases of F1, F22, PFlOl and dupB the primer extension patterns indicated two distinct TS sites and thus the presence of two promoters (designated P1-1 and P2-1, P1-22 and P2-22, P1-101 and P2-101, and P1 -dapB and P2-dapB, respectively). The distances between the two TS sites were 38, 14,33 and 49 bp in the cases of F1, F22, PFlOl and dapB, respectively. For 14 promoters we observed two or more adjacent or nearby bands apparently representing multiple TS sites from one promoter, e.g. in the cases of PFl09 and F-ilvC (Fig. 2) . The presence of multiple TS sites was previously observed for several promoters of E . coli and J'treptomiyces genes (Hawley & McClure, 1983; Strohl, 1992) and, thus, is not uncommon.
In 26 cases out of 33, the first transcribed base was either A or G. Such a preference for a purine residue as the TS site has been reported for E. culz and lactic acid bacteria (Hawley & McClure, 1983 ; van der Vossen e t al., 1987).
All promoter sequences (from position -50 to +1) display a relatively high A + T content of up to 67 %. In some promoters, e.g. P-orfMP, P-64, P-gdh and P-bsA, the region between positions -35 and -85 is extremely A+T-rich (65 to 78%). Aside from the high A + T content, a frequent occurrence of the dinucleotide T G (169 compared to the statistical average of 121) is the most apparent feature of the nucleotide composition of the whole set of promoter sequences.
Analysis of promoter sequences
To find conserved regions, the promoter sequences were aligned according to the TS site and analysed by our programs PROBAB and PROMSCAN. In those cases where two or more adjacent or nearby primer extension signals were found, we always took the strongest signal as the TS site. The analysis was done with the set of 22 promoters described here together with 11 published promoter sequences, i.e. P-hom (Peoples e t al., 1988) , P-thrC (Han e t al., 1990) , P-fda (von der Osten e t al., 1989), P-LysA (Marcel e t al., l990), P1-ask and P2-ask (Follettie e t al., 1993) , P-gdh (Bormann e t al., 1992) , P-glt (Eikmanns e t al., 1994) , P-gap and P-pgk (Schwinde e t al., 1993) , and P-trp (Heery & Dunican, 1993) which are also aligned according to the TS site in Fig. 1 . At first, the probabilities of the base distribution were calculated for all positions in the set by the PROBAB program. In the resulting histogram (Fig. 3a) the strongest signals (i.e. the lowest probability) were seen in the region of the TS site (+ 1 and -1) and at positions -7 and -21, slightly weaker signals at positions -32, -34 and -43. The high value of -log(P)
at position + 1 corresponds to the preference for A and G nucleotides as the TS site (see above). In the next step, detected 8-14 bp upstream of the TS site (Fig. 4a) . This region, the single Srel values being somewhat higher or region is referred to in the following as the -10 region.
lower. The hexamers with high Srel values were
When the search for a hexamer (k = 6) was run at different GGTAAA, GGTACA, TACAAT, TATAAT and
Wand m values (V = 9-13; m = 3-5) the k-letter pattern TAGAGT and they were located at positions -12 to -9 words with the highest Srel values were also in the -10 relative to the TS site. The results obtained by the alignment according to the TS site prompted us to align the promoter sequences according to the TACAAT or the most similar motif within the -10 region. With this new alignment the probability of the base distribution was again calculated by PROBAB (Fig. 3b) . Compared to the original alignment according to the TS site (Fig. 3a) , several extraordinarily strengthened signals were obtained in the -10 region.
Using the same alignment and the PROMSCAN program with various W and m values, the signal peak in the -10 region was also stronger (e.g. Fig. 4b ). Moreover, a second region of k-letter pattern words with above average Srel values was detected about 20 bp upstream of the -10 region. This region is referred to in the following as the -35 region. The hexamers in the maximum of the -10 region were GGTATA, GGTACA, TATAAT and In the next step, the promoter sequences were aligned according to the sequence TTTTGCCAAA or the most similar motif in the -35 region and both the PROBAB and PROMSCAN analyses were done again. As expected, the plot of P showed strongly enlarged signals in the -35 region. The PROMSCAN analysis with W values between 8 and 11 and m values between 3 and 5 (e.g. Fig. 4c) showed identical or similar k-letter pattern words with relatively high Srel values in the -35 and -10 regions as in the previous analysis.
By comparing the location of the major signals from the PROBAB and PROMSCAN analyses, it can be seen that they are correlated both in their position and strength. T o define a consensus sequence and the level of conservation of single bases within this consensus sequence, the widely used base distribution analysis (Hawley & McClure, 1983) was performed. For this purpose, we aligned the promoter sequences according to the -10 and -35 motifs found by the PROMSCAN program (and underlined in Fig. 1 ) with a break at the least correlated position. As shown in Fig.  5 , the most conserved sequences were tttGcca.a in the -35 region and ggTA.aaT in the -10 region. It can also be seen from Fig. 5 that the level of conservation of individual bases in the -35 and -10 consensus sequences is quite different. However, we conclude that these two motifs characterize the regions carrying the main informational content of C. glzltamicum promoters apparent from the sequences themselves.
DISCUSSION
The aim of our study was the isolation and molecular characterization of C. glzltamiczlm promoters. Using the promoter probe vector pEKplCm, a variety of promoteractive DNA fragments could be isolated. All 18 fragments tested also drove transcription of cat in E. coli, indicating that the isolated promoters were active in this organism too, This result was not unexpected since many of the genes cloned from C. glutamicum were expressed in E. coli as indicated by heterologous complementation of appropriate auxotrophs (reviewed in Jetten & Sinskey, 1985) . Conversely, several E. coli genes were efficiently expressed in C. glzltamicm (e.g. Eikmanns et al., 1991; Pitek e t al., 1989) and the E. culi tac, lacUV5, and trp promoters have been shown to be functional in corynebacteria (Morinaga e t al., 1987) . All these results indicate that the general structure of promoters from C. ghtamicum is similar to that of promoters from E. coli. However, there were also reports on corynebacteria-specific promoters which were obviously not functional in E. coli (Cadenas e t al., 1991) . (Hawley & McClure, 1983; Lisser & Margalit, 1993; Harley & Reynolds, 1987) and other eubacteria, e.g. Bacilhs (Helmann, 1995; Graves & Rabinowitz, 1986; Moran e t al., 1982) , Lactobacillzls (Pouwels & Leer, 1993) , 1990) . The significance of the C. glzatamiczam consensus motifs found by our analyses is corroborated by the fact that the tac promoter (11 out of 12 positions identical to consensus) was found to be very efficient in C. glzltamiczam (Eikmanns e t al., 1991 ; Morinaga e t al,, 1987) and that an alteration of the -10 hexamer in the E. coli lac promoter from TATGTT to TATATT, thus increasing the similarity to the consensus sequence, led to higher efficiency of the promoter in C. glzltamiczam (Brabetz e t al., 1991) .
Aside from the -10 and -35 hexamers, other positions seem to be conserved in C. glzatamiczam promoters: a double G next to the 5' end of the -10 element, an A residue 2 bp downstream of and a T residue directly upstream of the -35 element (Fig. 5) . In fact, the conserved bases near the -10 and -35 hexamers expand the consensus motifs to ggTA.aaT and tttGcca.a, respectively. An extended promoter consensus has been proposed for Gram-positive bacteria due to the presence of a TG motif found in the majority of Bacillzas and Lactobacillzas promoters upstream of or separated by 1 bp from the -10 hexamer (Helmann, 1995; Graves & Rabinowitz, 1986; van der Vossen e t al., 1987; Matern e t al., 1994) . Eleven out of the 33 promoters analysed here contain a T G motif in the 5' neighbourhood of the -10 hexamer and thus, the T G doublet next to the -10 hexamer might have significance for promoter function in C. glzatamiczlm too. The relatively high A + T content upstream of the -10 region also seems significant especially since the mean A + T content of C. glzltamiczam is only about 43.5% (Liebl, 1991 (1993) showed that an A + T-rich segment at the -40
to -60 region of the E. coli rrnB P1 promoter, the socalled UP element, stimulates transcription from several promoters and these authors suggest that such elements function as a third recognition element for RNA polymerase in at least some bacterial promoters. However, whether the GG in front of the -10 hexamer and/or the relatively high A + T content upstream of the -10 region is important for promoter activity in C. glzatamicum remains to be studied.
In some Gram-positive bacteria, e.g. Bacilhs and Streptococczls, most of the -10 and -35 promoter regions match their consensus sequences TATAAT and TTGACA, respectively, nearly perfectly (Helmann, 1995 ; Graves & Rabinowitz, 1986; Morrison & Jaurin, 1990; Moran et al., 1982) . In contrast, this does not hold for the set of C. gltrtamiczlm promoters studied here. Several of the bases in the C. gltltamictrm promoter consensus motifs are only moderately conserved (see Fig. 5 ), indicating only relatively moderate conservation of the motif as a whole.
Since the conservation level of promoter consensus sequences probably reflects the requirements of the major RNA polymerase a-factor in a given organism (Moran e t al., 1982) , it was interesting to compare the degree of consensus conservation per position in our study with that in compilations of promoters from other bacteria. As shown in Table 2 , nearly all bases in the -35 and -10 consensus hexamers in the Bacillm, Lactobacillzas and Jtreptococcns promoters are much more and those in the E. coli promoters are considerably more conserved than in the set of C. glzatamiczam promoters. These data suggest that the recognition specificity of the major RNA polymerase in the organisms listed decreases in the order Bacillzas/Lactobacillzl~/Streptococczls > E. coli > C. glzatamiczlm. It should be mentioned that the mean A + T content of chromosomal DNA in these (groups of) organisms decreases in the same order (Balows e t al., 1991) . Thus, our data corroborate a presumption mentioned by Morrison & Jaurin (1990), i.e. that recognition specifity of RNA polymerase(s) and the conformity of promoters with the A + T-rich consensus sequence might have evolved in a given organism by adaptation to the A + T content of its chromosome. In further accordance with this presumption, a compilation of promoters from streptomycetes (mean A + T content of 30 YO) revealed that their sequences are widely diverse and that only 29 out of 139 promoters show motifs similar to the TATAAT and TTGACA hexamers in their -10 and -35 regions (Strohl, 1992) . As deduced from CAT activity measurements in C. glzatamiczam, the promoters isolated in this study varied considerably in their strength. Since the activity of promoters in E. coli can be correlated to a major extent
